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The aim of this work has been to evaluate the aluminium (Al(III)) traces 
contents in 24-hour urine samples from subjects with different tobacco 
smoke expositions using a new methodology with 1,4-dihydroxy-9, 
10-anthraquinone (Quinizarine, QZ) as a fluorosphore. Biological samples 
were tested using commercial reagent strips and clinical parameters. Al(III) 
was determined complexing with QZ followed by a solid phase extraction 
step using Nylon membranes as a solid support. The analyte was subsequent-
ly quantified by solid surface fluorescence (SSF, λem= 573, λexc= 490) with a 
detection limit of 0.88 µg L−1 and quantification limit of 2.69 µg L−1. The cali-
bration curve was linear from 2.69 to 499.13 µg L−1 Al(III) (R2 = 0.9973). 
Urine samples were successfully analysed with an average recovery close to 
100%. Solid phase extraction step showed efficacy to eliminate foreign ions 
and the highly fluorescent matrix own of urine. Results were validated by 
electrothermal atomic absorption spectrometry (ETAAS) with an adequate 
concordance. The new methodology has low operation cost with simple in-
strumentation and without organic solvent. 
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1. Introduction 
Aluminium is a human non-essential metal that makes up about 8% of the 
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Earth’s crust. The sources of exposure of population in general are very varied: 
the consumption water treated with aluminum sales during the purification 
process, foods preservatives and colorants containing this metal, pharmaceuti-
cals as antacids, in the production, manufacture and welding of aluminium [1] 
[2] [3] [4]. In addition, different compounds of this metal such as aluminium 
hydroxide, aluminium oxide, aluminium silicate, aluminium sulfate are used the 
process of manufacture of cigarettes in order to accelerate the process of com-
bustion and whitening of the ashes which achieves a more aesthetic and con-
sumable product [5] [6]. 
If the levels of aluminium exposure surpass the capacity of natural detoxifica-
tion by the part of the organism, it will be accumulated, mainly in the bones, the 
liver and the brain, being considering as possible cause of renal osteodystrophy, 
Alzheimer’s disease and Parkinson’s disease [7] [8] [9]. Monitoring aluminium 
levels is of paramount importance in the field of clinical chemistry to prevent 
diseases associated with this metal. Between other biological fluids, urine is par-
ticularly attractive because the same patient can obtain the sample by 
non-invasive sampling procedure. 
Tobacco consuming is one of the worst threatens to public health world has 
faced, due to it is one of the main risk factors of chronic diseases like cancer and 
pulmonary and cardiovascular diseases [10]. In Argentina, every year more than 
40,000 of smokers die because of diseases related to tobacco. Although facts re-
veal that tobacco use has decreased in the latest 8 years, its effects continue to be 
alarming which conduct specialists to carry on working to dismiss cigarette 
consumption [11]. 
Many studies have been done related to the harmful effects of carbon monox-
ide, nicotine, tar, irritants and other damaging gases in the tobacco smoke [12]. 
However, possible effects of cigarettes heavy metals on human biochemical 
processes have been less studied [13] [14] [15]. 
The analytical methods used in aluminium determination at trace levels in 
complex matrices must be sensitive, selective, precise and faster [16]. Spectrof-
luorometry [17] [18], flame atomic absorption spectrometry (FAAS) [19] and 
atomic absorption spectrometry in graphite furnace (ETAAS) [20] [21] have 
been successfully applied. 
However, due to the low level of metal concentration in biological fluids, the 
introduction of a preconcentration step prior to instrumental detection results 
indispensable. The traditional methods of preconcentration and separation for 
metal ions are liquid-liquid extraction, coprecipitation and ion exchange, be-
tween others. These methods often require large amounts of high purity organic 
solvents, which are harmful to health and cause environmental problems [22] 
[23] [24] [25] [26]. 
Solid phase extraction (SPE) is being widely used for the analytes preconcen-
tration or separation showing advantages such as high enrichment factors, 
minimum costs due to low reagent consumption, flexibility and easy automati-
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zation [27]. Different solid materials such as filter papers, silica gel, exchange re-
sins, aluminium oxides, C18 membranes, and cyclodextrins, among others have 
been successfully employed as supports for SPE. Recently, Nylon membranes 
have proved to be a suitable support for the luminescent detection of organic 
compounds showing efficacy in the elimination of highly fluorescent matrix [28] 
[29] [30]. The experimental results showed that this support has good selectivity, 
low background signal and can be used without previous treatment. 
In a previous work, our research group determined Al(III) traces contents 
present in drink and tap waters of San Luis city, with the aim to know exposition 
levels to this metal [31], using a CPE-fluorescence combined method. In this 
opportunity, attending to aluminium is one of the 4700 chemical compounds 
contained in cigarette smoke, a new methodology is proposed for the study of 
the tobacco incidence in Al(III) levels in urine samples of population of the same 
geographic zone. The separation/chemisorption of Al(III) complexed with QZ 
on Nylon membranes is proposed for the subsequent quantification by solid 
surface fluorescence (SSF) in 24-hour urine samples of subjects with different 
levels of tobacco exposure. The experimental variables that affect the sensitivity 
and precision of the proposed method were investigated and optimized in detail. 
2. Material and Methods 
2.1. Instruments 
Shimadzu RF-5301 PC spectrofluorometer (Shimadzu Corporation Analytical 
Instrument Division, Kyoto, Japan) equipped with a 150W Xenon lamp and sol-
id sample holder with a GF-UV35 filter were used. 
Measurements of aluminium were performed with a Shimadzu Model AA-6800 
Atomic Absorption Spectrometer (Tokyo, Japan) equipped with a deuterium 
background corrector, EX7-GFA electrothermal atomizer and ASC-6100 auto-
sampler. L’vov graphite tubes (Shimadzu, Tokyo, Japan) was used in all experi-
ments. Aluminium hollow-cathode lamps (Hamamatsu, Photonics K., Japan) we-
reemployed as radiation sources. Wave length used was 309.4 nm (SlitWidth: 0.5 
nm) using a pyrolysis times of 10 s at 250˚C and atomization time of 3 s at 2500˚C. 
Adjustments of pH were carried out using Orion Expandable Ion Analyzer 
pH-meter (Orion Research, MA, USA) Model EA 940 with a combined glass 
electrode. 
A centrifuge equipment (ROLCO SRL, Buenos Aires, Argentine) with an an-
gle rotor (6-place, 3500 × g) was used for urine samples processing. 
Nylon membranes (Millipore, Tullagreen, Carrigtwohill Co. Cork, Ireland) 
0.45 μm pore size and 47 mm diameter were used in chemisorption studies. 
2.2. Reagents 
Standard solution of 1000 mg L−1 Al (III) was prepared dissolving appropriate 
amounts of Al(NO3)3∙9 H2O (E-Merck, Darmstadt, Germany) in ultrapure water. 
The standard stock solution was stored in a glass bottle at 4˚C in the dark. Lower 
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concentration standards were obtained weekly by dilution of the stock solutions. 
Solution of 1,4-dihydroxy-9,10-anthaquinona (Quinizarine, QZ) 1 × 10−3 mol 
L−1 (E-Merck, Darmstadt, Germany), fluorescein (E-Merck, Darmstadt, Germa-
ny), chrome azurol S (CAS, E-Merck, Darmstadt, Germany) were prepared by 
dissolving appropriate amounts of each reagent in ethanol (Sigma Chemical Co., 
St. Louis, MO, United States) and were kept the in refrigerator (4˚C) for one 
week. 
Buffer 1.0 mol L−1 solution was prepared using acetic acid (Riedel-de Haen) 
and the desired pH 5 was obtained by adding NaOH (Mallinckrodt Chemical 
Works) solution. 
Surfactant solution of sodium dodecyl sulfate (SDS, Tokyo Kasei Industries) 2 
× 10−2 mol L−1 was prepared using an adequate weight of reagent and dissolving 
them in ultrapure water. 
Urinalysis reagent strips (Insight, ACON Laboratories, Inc. Germany) were 
used. 
All chemicals used were analytical grade and ultrapure water was used 
throughout. 
2.3. Sample Collection and Treatments 
2.3.1. Biological Samples 
Per regulation, all participants of the present research signed a written informed 
consent. 
Urine samples of 24 h of healthy subjects with different levels of tobacco ad-
diction were collected in polystyrene bottles without the addition of chemical 
stabilizers. The volume of each sample was measured (diuresis) in order to cal-
culate the real concentration of Al(III). Then, approximately 10 mL of each 
sample were centrifuged at 3500 × g during 20 minutes. After that, supernatants 
were separated, frozen at −18˚C, and reserved for analysis. 
Biological samples were physically characterized, namely colour, odor and 
appearance, presence of sediment, blood and mucus, in order to establish va-
riables that could affect the obtained results. Additionally, urine samples were 
tested using commercial reagent strips and clinical parameters (pH, urobilino-
gen, glucose, ketones, bilirubin and proteins, among others) were determined. 
Processed samples can be mainly considered within the normal physical and 
clinical parameters. 
In order to assure the obtaining on of representative samples, subjects re-
ceived detailed information about the collection protocol: 
• Do not intake vitamin or mineral aggregated 36 h before urine collection. 
• Do not drink tap water during 24 h previous to sample collection. 
• Samples must be directly remitted to laboratory for analysis; if it is not possi-
ble, they must be preserved at 4˚C until analysis. 
2.3.2. Treatment of Samples to Remove Calcium 
A volume of 2 mL of urine sample, 2 mL of water ultrapure and 1 mL of 4% 
D. G. Santarossa et al. 
 
 
DOI: 10.4236/ajac.2018.910038 518 American Journal of Analytical Chemistry 
 
ammonium oxalate were placed in a centrifuge tube. It was vigorously stirred 
and left to rest for 30 minutes to precipitate the calcium oxalate, then centri-
fuged 15 minutes at 3500 × g. The supernatant was saved to perform the general 
procedure. 
2.4. General Procedure—Solid Phase Extraction 
A 1750 µL QZ solution (1 × 10−5 mol L–1), Al (III) sample/standard (2.69 to 
499.13 µg L−1), 500 μL acetic acid buffer (1 mol L−1, pH 5), and 100 µL SDS (2 × 
10−2 mol L–1) were placed in a volumetric flask. The mixture was diluted to 10 
mL with ultrapure water and was filtrated across Nylon membranes, using a va-
cuum pump and dried at room temperature. Al(III) was determined on the 
membranes by SSF at λem = 572 nm and λexc = 490 nm, using a solid sample 
holder (Figure 1). 
2.5. Interferences Study 
Different amounts of foreign ions, which may be present in samples, (1/1, 1/10, 
1/50 and 1/100 Al (III)/interferent ratio) were added to the test solution con-
taining 24.95 µg L−1 Al(III) and the General Procedure was applied. 
2.6. Dilution Test 
In order to establish the proper volume of each urine sample for realizing Al(III) 
determination, several sample volumes were assayed. The adequate dilution for 
each sample was that signal which intensities fall into the linearity range of the 
developed methodology. Dilution test was of 100 µL for subjects with minor ex-
position and of 0.025 µL for the most exposed subjects. These dilution factors 
were adopted for the following studies. Al(III) contents were determined by the 




Figure 1. Schematic representation of general procedure of developed methodology. 
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2.7. Accuracy Study 
Volumes of 0.1 mL of urine samples were spiked with increasing amounts of Al 
(III) (24.95 and 49.91 µg L−1). Aluminium contents were determined by pro-
posed methodology. 
2.8. Precision Study 
The repeatability (within-day precision) of the method was tested for urine rep-
licate samples (n = 3) spiked with 24.95 and 49.91 µg L−1 of Al(III) and metal 
contents were determined by proposed methodology. 
2.9. Validation 
Al(III) contents in water samples were determined by ETAAS, using operational 
conditions previously consigned in apparatus item. 
3. Results and Discussion 
Quinizarine (4-dihydroxy-9,10-anthraquinone, QZ) is an organic dye derived 
from anthraquinone characterized because it forms neutral chelates with metal 
ions. The formation of a highly fluorescent pink-red complex between Al(III) 
and QZ will depend on the nature of the solvent, the molar ratio and the me-
dium pH [32] [33] [34]. 
In order to study the possibility of evaluating the Al(III) traces content as QZ 
complex in 24 hours urine, a separation step results necessary because of the 
urine highly fluorescent matrix. A solid phase extraction (SPE) step was investi-
gated prior the instrumental determination of Al(III) by SSF. The SPE offers a 
double beneficial effect: on the one hand, the preconcentration of the analyte, 
due to its retention in a small area of the solid support and on the other, the im-
provement of the selectivity, due to the elimination of fluorescent components 
present in the matrix and other possible interferents. 
The experimental parameters that influence the SPE procedure and the SSF 
determination were studied and optimized. 
Systems were prepared containing QZ solution and increasing concentrations 
of Al(III) at pH 5 using acetic acid/acetate buffer; they were filtered through sol-
id support, dried at to room temperature and SSF signal of each system was de-
termined using a solid sampler holder. It was evidenced that the presence of 
Al(III) exalted the SSF of the fluorophore (Figure 2). 
Retention of the QZ-Al (III) complex was studied using different solid sup-
ports. Some of studied solid supports were not effective for the QZ-Al (III) re-
tention; in Table 1, the obtained results are shown. The retention levels for each 
analyzed supports were verified by measuring SSF intensity at λem = 573 nm, us-
ing a λexc= 490. The best result was obtained when Nylon membranes were used. 
The next optimized parameter was the pH of systems filtered through the Ny-
lon membranes. The pH value of the aqueous systems containing a constant 
concentration of Al (III) was adjusted between 2.8 and 10, by adding a solution  
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A: Blank solution QZ (CQZ = 1.75 × 10−6 mol L−1). B: Idem A with Al(III) 9.98 µg L−1. C: Idem A with 
Al(III) 24.95 µg L−1. D: Idem A with Al(III) 49.91 µg L−1. E: Idem A with Al(III) 74.86 µg L−1. F: Idem 
A with Al(III) 99.82 µg L−1. Conditions: λem = 570 nm; λexc= 490 nm; pH 5; Cbuffer acetic/acetate = 5 × 10−2 
mol L−1; CSDS = 5 × 10−4 mol L−1. Other experimental conditions are described under procedure. 
Figure 2. Solid surface fluorescence spectra for QZ/Al(III) system. 
 
Table 1. Study of retention of QZ-Al(III) on different types of membranes as solid supports. 
Type of membrane Observations 
Cellulose acetate (Whatman) 
Pore size: 0.45 μm retention: (−) 
Immobilon (+) (Millipore) 
Pore size: 0.45 μm retention: (−) 
Teflon 
(Millipore) Pore size: 1 μm retention: (−) 
Mixed Esters 
(Schleicher & Schuell) Pore size: 0.45 μm retention: (−) 
Filterpaper 
(S & S) Black ribbon retention: (−) 
Filter paper 
(S & S) Blue ribbon retention: (−) 
Nylon 
(Millipore) Pore size: 0.45 μm retention: (+) 
Al (III) concentration = 24.95 μg L−1; QZ concentration = 1.75 × 10−6 mol L−1; (−) = QZ-Al(III) not retained 
on solid support. (+) = QZ-Al(III) retained on solid support. 
 
of acetic acid/ acetate buffer. Figure 3 shows the results of this study. It could be 
observed that the highest emission for Al (III)-QZ was obtained at pH 5. Subse-
quently, the buffer concentration was tested from 1 × 10−2 to 0.1 mol L−1 to ob-
tain the maximum fluorescent signal. A buffer concentration of 5 × 10−2mol L−1 
was chosen as optimal. 
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The concentration of the chelating reagent was also studied, in order to assure 
the quantitative association of Al(III) with QZ; studies were carried out main-
taining a constant concentration of the metal and varying the concentration of 
QZ between 2 × 10−7 to 2 × 10−6 mol L−1. The concentration of 1.75 × 10−6 mol 
L−1 was selected as optimal, which is high enough to guarantee an excess of QZ 
with respect to the expected Al(III) contents in studied samples (Figure 4). 
 
 
Conditions: λem = 570 nm; λexc= 470 nm; CQZ = 1.75 × 10−6 mol L−1; CSDS = 5 × 10−4 mol L−1; CAl(III) = 
24.95 µg L−1. Other experimental conditions are described under procedure. 
Figure 3. Influence of pH on QZ/Al(III) SSF signal. 
 
 
Conditions: λem = 570 nm; λexc = 490 nm; Cbuffer acetic/acetate = 5 × 10−2 mol L−1; pH = 5; CSDS= 5 × 10−4 
mol L−1; CAl(III) = 24.95 µg L−1. Other experimental conditions are described under procedure. 
Figure 4. Effect of QZ concentration on the QZ/Al(III) SSF signal. 
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The use of surfactants in molecular fluorescence provides some advantages 
that improve the determination of the analyte under study. In this way, micellar 
media are used to minimize intermolecular interactions between the analyte and 
the constituents of the sample matrix. In addition, the photophysical properties 
of the fluorescent solutes can be altered in the micellar medium thus improving 
the fluorescent sensitivity [35]. The effect of different surfactants in the SPE for 
the quantification of the Al(III)-QZ by SSF was studied. It was evidenced that 
the anionic surfactant SDS in a concentration of 5 × 10−4 mol L−1 increased the 
fluorescent intensity of Al(III) complex (Figure 5). 
4. Analytical Parameters 
Table 2 summarizes the studied experimental variables, the optimal values for  
 
 
Conditions: λem = 570 nm; λexc= 490 nm; CQZ = 1.75 × 10−6 mol L−1; Cbuffer acetic/acetate = 5 × 10−2 mol L−1; 
pH = 5; CAl(III) = 24.95 µg L−1. Other experimental conditions are described under procedure. 
Figure 5. Influence of anionic surfactant concentrations SDS on QZ/Al(III) SSF signal. 
 
Table 2. Optimal experimental conditions and analytical parameters for QZ-Al(III) de-
termination. 
Parameters Studied range Optimal conditions 









Nylon, cellulose acetate, esters, teflon, filter paper 
2.8-10 
1 × 10−2 - 0.1 mol L−1 
2 × 10−7 - 2 × 10−6 mol L−1 







5 × 10−2 mol L−1 
1.75 × 10−6 mol L−1 
5 × 10−4 mol L−1 
0.8877 µg L−1 
2.69 µg L−1 
2.69 - 499.13 µg L−1 
0.9971 
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separation/determination of Al(III)-QZ on Nylon membranes and obtained 
analytical parameters for the developed methodology. The limit of detection 
(LOD) was calculated as 3.3 s/m [36], where s is the standard deviation of 10 
successive means of the blank and m is the slope of the calibration curve (cali-
bration sensitivity). The limit of quantification (LOQ) was calculated as 10 s/m. 
The range of linearity was evaluated by checking the linear regression coefficient 
(R2) of the calibration curve. The linearity of the calibration curve was consi-
dered acceptable when R2 > 0.9971. 
Interferences Study 
The effect of foreign ions on the recovery of Al(III) was tested. An ion was con-
sidered as interferent when it caused a variation in the SSF signal of the analyte 
greater than ±5%. The assayed ions for interferences study were selected consi-
dering the nature of the sample analysed and the possible presence because of 
exposure to tobacco smoke. Figure 6 shows the obtained results for assayed ions. 
At optimal working conditions an adequate tolerance was obtained for interfe-
rent/Al(III) 100/1 ratio, at exception made of Ca(II), that it must be removed as 
it has been detailed in 2.3.2 Treatment of samples to remove calcium. 
5. Applications 
To evaluate the usefulness of the developed methodology in the determination of 
Al(III) traces, samples of 24-hour urine from subjects with different exposition 
to tobacco were studied. 
Attending to smoking habits, the studied subjects can be described as follow: 
Sample 1-3: Non-smokers subjects. 
Sample 4 and 5: Smoker subjects of 10 cigarettes/day. 
Sample 6: Smoker subject of 20 cigarettes/day. 
Sample 7: Water pipe smoker. 
Once in the laboratory, urine samples were observed and characterized re-
spect to physical appearance in order to establish variables that could interfere 
with Al(III) determinations. All processed samples can be namely considered 
within the normal physical parameters. 
Samples were centrifuged for 10 min at 1000 × g. Supernatants were reserved 
for Al(III) examination. Urine samples were tested using commercial reagent 
strips and clinical parameters pH, urobilinogen, glucose, ketones, bilirubin, pro-
teins, nitrite, blood, specific gravity and leucocytes were determined. Processed 
samples can be mainly considered within the normal clinical parameters. 
The accuracy of the methodology was performed using the standard addition 
method. Diluted urine samples (100 μL, n = 3) were spiked with increasing 
amounts of Al(III). The repeatability (within-day precision) of the method was 
evaluated carrying out the proposed methodology, 3 times for each sample. 
Obtained results showed satisfactory agreement with adequate precision and 
recovery. Table 3 shows the recovery results achieved for each urine sample. 
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As there were not available Certified Materials, in order to check the accuracy 
of the proposed method, a comparative analysis by electrothermal atomic ab-
sorption spectrometry (ETAAS) was carried out using the conditions published 
in previous works [31]. 
A remarkable peace of data is the ample range of variability of Al(III) contents 
in the control groups (Samples 1 to 3). This leads us to believe that exist others  
 
 
1: Al(III) = 24.95 µg L−1; 2: Idem 1 in presence of Na (I); 3: Idem 1 in presence of K (I); 4: Idem 1 in 
presence of Mg (II); 5: Idem 1 in presence of Cd (II); 6: Idem 1 in presence of Pb (II); 7: Idem 1 in 
presence of Zn (II); 8:Idem 1 in presence of Cl−; 9: Idem 1 in presence of F−; 10: Idem 1 in presence 
of I−; 11: Idem 1 in presence of 23CO
− ; 12: Idem 1 in presence of 24SO
− ; 13: Idem 1 in presence of 
3
4PO
− ; 14:Idem 1 in presence of Ca (II); 15: Idem 1 in presence of Ni (II); 16: Idem 1 in presence of Tl 
(I); 17: Idem 1 in presence of Sb (III). Conditions: λem = 570 nm; λexc = 490 nm; CQZ = 1.75 × 10−6 mol 
L−1; Cbuffer acetic/acetate = 5 × 10−2 mol L−1; pH = 5; CSDS = 5 × 10−4 mol L−1; CAl(III) = 24.95 µg L−1. Other 
experimental conditions are described under procedure. 
Figure 6. Study of interferences of Al(III) quantification. %SDs ( I-I ) have been included 
for each interferent. 
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Proposed methodology ETAAS 









found ± SD 
(µg L−1) 
1 
- 9.88 ± 1.47 -  
- - 24.95 31.88 ± 1.42 70.14 7.41 
49.91 61.26 ± 1.49 114.87  
2 
- 30.00 ± 1.54 -  
33.4 ± 0.02 10.17 24.95 60.66 ± 1.53 119.03 22.5 
49.91 77.05 ± 0.97 90.47  
3 
- 62.90 ± 1.74 -  
- - 24.95 92.96 ± 0.70 108.12 47.18 
49.91 113.23 ± 1.27 100.66  
4 
- 87.42 ± 1.98 -  
- - 24.95 111.82 ± 1.86 99.37 65.56 
49.91 137.59 ± 2.22 99.99  
5 
- 93.21 ± 1.81 -  
98.8 ± 0.08 5.65 24.95 113.91 ± 1.47 95.44 69.91 
49.91 145.24 ± 2.14 102.27  
6 
- 130.69 ± 2.20 -  
- - 24.95 156.38 ± 2.88 100.56 98.02 
49.91 180.22 ± 2.87 99.7  
7 
- 160.73 ± 1.11 -  
163.7 ± 0.02 1.81 24.95 186.28 ± 1.37 100.37 120.55 
49.91 210.34 ± 2.67 99.81  
aReal Al (III) contents (µg L−1): Al(III) founds (µg L−1) × fc. fc(correction factor) = dilution factor/preconcentration 
factor. b%RE = 100 × (|measured value − actual value|)/actual value. 1-3: non smokersubjets. 4 and 5: 
smokers of ten cigarette/day. 6: smoker of more than twenty cigarette/day. 7: water pipe smoker. 
 
important exposition sources which contribute to Al(III) found; between others, 
it can be mentioned foods and cooking modes (use of aluminum cookware). 
6. Conclusion 
Developed methodology proposes the Al(III) traces determination based in the 
formation of the fluorescent complex with QZ. The new method showed good 
sensitivity and adequate selective with good tolerance to foreign ions, and was 
applied to the Al(III) traces present in urine samples coming from subjects with 
different tobacco smoke exposition. Results were validated by ETAAS with an 
adequate concordance. Solid phase extraction strategy demonstrated the efficacy 
to eliminate the highly fluorescent matrix of urine and to concentrate metal 
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traces allowed its determination by SSF. It constitutes a green alternative of con-
ventional preconcentration methods with additional advantages including low 
cost, safety, using non-polluting solvents. Considering the results obtained by 
our research group in reference to Al(III) traces determination, it can be con-
cluded that the San Luis studied population is exposed to multiple sources of 
exposure to this toxical metal. So it would be important its control and moni-
toring in order to reduce the exposition sources, especially those related to to-
bacco consumption in all different forms. 
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